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Shuh-Ming Chang, and Hsiu -Chen Yang
In stitute of Chemistry, Academia Sinica
Nankang, Taipei, Taiwan, R.O.C.

Abstract

Introduction

Whole kernels of four cu lti vars of milled ri ce
were treated under different conditions according to our
traditional methods such as boiling, steaming, autoclaving or roasting with sand. During the vari ous processing
conditions, the moisture conte nts of the kernel , heating
temperatures, pressures and heating times were varied.
In this paper, the physicochemical properties of those
processed samples were investigated and compared.
Based on degree of gelati ni zation , water absorp tion index , water so lubil ity index , swellin g power, viscoamylograms and X- ray diffraction patterns, the prope ni es of waxy ri ce samples arc different from that of
non -waxy rice samples. They are also different even
among the non -waxy ri ce samples. Besides , each processed sample under diverse treatments has its own prop erties. In boiled samples, the starch granules almost
gelatinized to form a film-like gel substance, whereas in
othe r processed samples, ungelatinized starch granules
were noticeable.

Rice is the staple crop in Taiwan and in southeast
Asia. A wide variety of foods are produced by different
processes. The processing conditions, as regards the
water content, pressure , temperature and shear forces ,
are different. Starch, the major component of rice , may
be modified to different extents. This could have important effects on both the physicochemical and functional
properties of the products.
Heating of cereals under various conditions has
been reported by many workers [13, 15, 27, 36]. Extensive literature is available on the processing conditions
and the physicochemical properties of paddy and parboiled rice [9-1 1, 24, 28, 30), whi le information on
processed milled rice products is scanty [6, 8, 17, 23,
34]. Boiling and steam in g meth ods are usually used at
home for p reparing rice foods. Powders of rice, roasted
with sand, are used in factories fo r making some special
cakes. This study compares boiling, steaming, autoclaving , and roasting of whole rice kernel with different
amylose conte nt s in regard to some physicochemi ca l
properties as well as their in virro a-amy lase digesti bility of the starc h component.
Materials and Methods
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Materials
Milled rice from four cultivars (Kaohsiung Sen 7,
KSS7 ; Taichung Sen 10, TCSIO; Tainung 67 , TNu67 ;
and Taichung waxy 46, TCW46) was used in the experiment. Two of them (KSS7 and TCSIO) we re se n rice
(indica type) , one (TNu67) was geng rice Uapon ica type)
and the other one (TCW46) was waxy rice. They were
dehulled and polished usin g a domestic ri ce huller and
polisher (the yield of milled ri ce was about 70%), and
su ppli ed by the Taichung District Agricultural Improvement Station, as the second crop of 1988. The processed
samples were prepared after storage for at least 6 months
at 12-15 ' C.
To obtain boiled samples, the rices were washed
a nd put into distilled water [ri ce: water (weight / weight ,
w/w) ratio of 1: 10], an d boiled with intermittent stirring

physicochemical
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Table 1. Properties of milled rice cultivars.
Rice
cultivar

Crude
protein
(%)

Amylose
content
(%)

Gelatinization
temperature
( OC)

Alkali
spreading
value (score)

Gel
consistency (mm)
30 min.
60 min.

Kaohsiung Sen 7 (KSS7)

9.0

25.1

68.0

38.0

38.4

Taichung Sen I 0 (TCS I 0)

9.0

13.7

65.0

72.2

77.8

Tainung 67 (TNu67)

6.8

16.4

57.5

66.5

78.5

Taichung waxy 46 (TCW46)

7.5

trace

57.5

120.0

133.3

sium hydroxide . Its values were exp ressed as the gel
length (mm) measured from the bottom of the test tube
to the gel front after the cooled gels in 13 x ISO mm test
tubes were maintained in hori zontal position for 30 or 60
minutes [4].

until the opaque co re of the rice had just disappeared
[2] . The rices were then collec ted on a stainless wire
screen to drain the water. To obtain steamed samples ,
the rices were soaked in distilled water at 30 oC for 3
hours , sealed in polyethylene bags, placed in a re frigerator overnight for tempering (the moisture contents were
above 30%) , and steamed in a covered bamboo pan over
a boiling water bath until the opaque core had just disap peared. The same soaked and tempered rices were auto claved at 121 °C for 30 minutes to yield autoclaved SC!m ples. All the boiled, steamed and autoclaved samples
were first cooled to room temperature and then freezedried . To obtain roasted samples, partial soaking was
done by mixin g calculated amounts of water with rice,
and then tempering in sealed polyethylene bag for 3
days. The rices were adjusted to a series of moisture
contents, 13%, 17% , 22% and 27%, then roasted by
mixing with hot quartz sand (300 °C) in an iron pan for
20 seconds (sand:rice ratio of 6: I) [34]. All samples
were ground in a Udy Cyclo sample mill to pass through
a 65 mesh sc reen.

Physicochemical properties of processed samples
The water absorption index (WAI) was determined
according to the method of Anderson et a/. [I] and calculated as the ratio of the weight of gel to the weight of
the dry sample. Water solubility index (WSI, %) was
measured as [(the dry weight in the supernatant) I {the
dry weight of the sample) x I 00]. Swelling power (SP)
was defined as the ratio of the weight of gel to the
weight of dry sample (100% - water solubility index,
%).

The degree of gelatin ization (DG) was measured
using a (3-amylase-pullullanase enzymic method [34] .
Reducing sugars (as maltose) released from the digest
(total ca rbohydrate) [12] were measured using Nelson's
reagent [3 1]. Each test sample which was autoclaved at
121 oc for 30 minutes was used as reference.
X-Ray diffraction patterns were determined using
an X-ray diffractometer (Rigaku D/MAX-IIIA , Rigaku
Keisoku Co , Ltd., Japan) with CuKa, radiation at 35 kV
and 25 rnA from 20 = 30 ° to 4 ° [6].
Cross-sections of various processed samples were
mounted on scanning electron microscopy (SEM) stubs
with double-sided sticky Scotch tape, coated with gold
(Ion coater IB-2, 20 nm) and examined with a Hitachi S520 scanning electron microscope operated at 20 kV.
In vitro digestibility was measured according to
the method of Holm eta/. [14] with some modifications.
To I ml suspension containing I% wet-homogenized
sample (100 mg sample in 10 ml 0.2 M phosphate buffer, pH 6.9) was added I ml of 15 units of a porcine
pancreatic a-amy lase preparation (one unit liberates I
mg of maltose from soluble starch in 3 minutes at pH
6.9 and 20 °C). After incubation at 37 °C for 2 hours ,
the mixture was boiled for 10 minutes to inactivate the
enzyme, filtered, and analyzed for the reducing sugar
content using Nelson's reagent. The extent of hydrolysis
was calculated as the percentage of maltose released per
gram of the dry sample.

Analysis of milled rice
Crude protein was determined by a microKjeldahl method (N% x 5.95) [32]. Amylose contents of
defatted rice flours were determined according to the
improved method of Juliano era/. [22]. Amylose was
measured by iodine colorimetry using potato amylose
and defatted Taichung waxy 46 rice starch as standards.
Viscoamylograms were run on a 10% (weight/volume ,
w/v, dry basis) sample suspension (500 ml) using a Brabender Vi scoamy lograph with a 700 cmg sensitivity cartridge at 75 rpm. Viscosity (B.U .) was recorded during
a cycle consisting of heating (35oc to 95°C, at 1.5 °C/
min) , holding (95 °C for 20 minutes), cooling (95°C to
50 °C , at 1.5 °C/min), and holding (50°C for 20 minutes)
[7] . Gelatinization temperature was measured by subtracting 3 oc from the temperature of initial increase in
viscosity on the viscoamylogram of 10 % rice flour suspension [21]. Alkali sp reading value was investigated
by immersing six kernels in 20 ml of a I .7% potassium
hydroxide solution at room temperature for 24 hours and
was calculated according to Bhattacharya's alkali reaction score [3]. The flours were analyzed for gel consistency of 100 mg flour (100 mesh) in 2 ml of0.2 N potas-
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Table 2. Water absorption index (WAI), water solubility index (WSI), swelling power (SP), and degree of
gelatinization (DG) of various rice samples.

Properties of milled rice
Some physicoc hemi cal properties of four cultivars
of milled rice are show n in Table I . The protein contents in KSS7 and TCSIO rices were higher than those of
the others which agreed with the results of the fir st crop
of 1984 [6]. According to th e amylose contents of defatted rice flour , the rices were classified into three ca tego ries [ 19]: (I) KSS7 - high amylose content rice (25 .I%);
(2) TCS IO and TNu67 -low amylose content rice (13.716.4 %); and (3) TCW46 - waxy rice (trace of amylose).
All rices belonged to the low gelatinization temperature
ri ce (57.5-68.0°C). TCSlO, TNu67 and TCW46 were
classified as soft gels (72.2-1 20.0 mm) while KSS7 was
hard gel (38.0 mm) . KSS7 was less attacked by alkali
than TCW46 whereas TCS I 0 and TNu67 were degraded
easily.
Water absorption index, water solubi lity index and
swelling power
As shown in Table 2 , the WSI of raw KSS7 was
the lowest and TCW46 was the highest among the ri ce
cultivars tested. Howeve r, their WAls and SPs were
similar. The WAI , WS! , an d SP of KSS 7 samples were
also the lowest after thermal processing probably because, KSS7, with a high amylose content, is less easily
solubilized [33]. At the same time amylose was less soluble than amylopectin [20] . Among the waxy sam pl es,
the WAI , WSI, and SP va lu es for autoclaved and boiled
ones were considerabl e higher than those for ot her sa mples . It was probably owing to the greater extent of
modifi cation of the starch gra nules during processing .
WSJ of all steamed samples was the lowest among the
processed sa mples; it was even lower than that of the
raw sa mples. WAI, WSI , and SP of roasted samples
increased gradually as the moisture content of the ri ce
kernel increased.
Viscoamylograph l'iscosity
Co nsiderable differences were obtained in viscosity profiles for the processed rice samples (Figs. I and
2). As shown in Fig. 1, the viscosity of raw non -waxy
rice flours and waxy rice flour during heating stage was
unstable and had a viscosity peak. However, the viscos ity and the viscosity peak of the waxy rice flour were
much lower than those of the same rice cultivar from the
crops in 1982 [35] and 1984 [5]. In a separate experiment, the addition of AgN03 (I% , w/ v) [15] to waxy
rice flour suspension prior to the measurement gave a
viscosity peak about 900 B.U . during heating in th e viscoamylograph, indicating the large intrinsic amylase activity in this waxy rice [16]. Perhaps, its low viscosity
is attributable to the environmental factors during cultivation. Autoclaved and boiled waxy samples exhibiled
higher initial viscosity values and showed a decline in
viscosity during heating , probably owing to their high
WAJ , WSI , and SP val ues and degree of gelatinization.
The viscosity of steamed waxy sample was somewhat
lower than in the autoclaved and boiled samples and a

MateriaJI'

WA!b

wsr•(%)

sp•

DG'

KSS7 (Kaohsiung Sen 7)
Raw
2.35
Autoclaved
4.38
5.06
Boiled
Steamed
3.93
Roasted-13%
3.63
Roasted - 17%
3.73
4.51
Roasted -22%
Roasted -27%
4.66

1.69
1.60
1.64
1.13
1.85
1.96
2.39
3.00

2.39
4.45
5.14
3.98
3.69
3.81
4.62
4.81

29.71
68.49
72.55
60.55
45 .79
48 . 83
60.15
68.60

TCS I 0 (Taichung Sen 10)
2.55
Raw
5.76
Autoclaved
Boiled
5.59
5.10
Steamed
Roasted-13%
4.07
4.50
Roasted- 17%
Roasted -22%
4.61
4 .87
Roasted -27%

2.36
4.58
2.32
1.46
2.17
2.30
2.33
2. 78

2.61
6.04
5.73
5.18
4.16
4.60
4.72
5.01

43.98
96.39
85.63
76.52
67.39
73.37
77.64
79.63

TNu67 (Tainu ng 67)
2.50
Raw
Autoclaved
5.60
5.27
Boiled
4. 25
Steamed
Roa sted- 13%
4.28
Roasted - 17%
4.42
4.76
Roasted-22%
Roasted -27%
4.68

2 .46
5. 75
2.56
1.92
2.51
2.69
2 .92
3.46

2.56
5.95
5.41
4.33
4.39
4.54
4.90
4.85

33.26
100.00
82 .05
72.23
56.61
59.74
70.96
79.11

TCW46 (Taic hung waxy 46)
Raw
2.51
5. 74
34.61
Autoclaved
15.78
Boiled
13.53
23.77
Steamed
9.17
5.05
Roa sted-13%
4.81
4 .09
4.90
Roasted - 17 %
5.36
Roasted-22%
6.83
7.10
Roasted -27%
7.72
8.68

2.66
24 . 13
17.75
9.65
5 02
5.64
7.35
9.40

42 .97
100.00
94.16
93.78
64.62
65.01
80.81
90.13

as ee text ; the percentages for the roasted samples are the
moisture conte nts . bz-4 replicate analyses on each material , the standard deviation s (S.D.) were in the range
0.01 -0.14. c4 replicate analyses on each material.
small viscosity peak was noticeable. The initial viscosity of non-waxy samples was lower than those of
waxy samples owing to their low WAI , WSI and SP .
None of the autoclaved and boiled non-waxy samples
produced distin ct viscosity peak and tended to be stable
during holding at 95 °C. It might be due to some degradation and structural modifi cations of the starch granules

375

Shuh - Ming Chang and Hsiu-C hen Yang

2000

RAW

AUTOCLAVED

1500

1000
~

::i

e
z

500

t/)

E-<

;::J
~

1.'-l

Ci

z1.'-l
~

~
~

95

35

50

95

95

so

so

TEMPERATURE (°C)
Figure 1.

Brabender viscosity cu rves of various rice samples after different heat treatments.

Viscosity (B. U .) was

recorded during a cycle consisting of heating (35 °C to 95 • c, at 1.5 °C/ min), holding (95 °C for 20 minutes), cooling
(95 •c to so •c, at 1.5°C/ min) , and holdin g (50 °C for 20 minutes). Kaohsiung Sen 7 (hollow triang les); Taichung Sen
10 (hollow squ ares); Tainung 67 (filled ci rcles); and Taich ung waxy 46 (hollow circles).

during processing. In steamed TCSlO and TNu67 samples,
the viscosities during heating were un stabl e and rapid ly de c reased . On the con trary, the viscosity of steamed KSS7

roasting with sand , the initial viscos ity of the waxy samples increased in gene ral , but the viscos ity peak and viscosi ti es durin g the heat in g and coo ling cyc le decreased
gradually with each increme nt in the moisture co nte nt of
the rice (Fig. 2) . Th us , the roasted waxy samples showed
pregelatinizatiun as we ll as some deg radat ion (dex trinization) as the moisture co ntent was increased. Th is was also
co nfirmed by a hig her WSI and a highe r degree of gelatinization. The st abl e viscosity val ues at va ryi ng te mperatures
of the roasted waxy r ice contai ning 27% water was similar
to popp ed Louisiana-grown Bluebonnet ri ce containing 6%

sample during heating was stable. We are unable to explain why this happened. On the other hand, a ll viscosit ies
increased during coo ling and became stable during subsequent ho lding except with boiled KSS? sample. An extremely high viscosity(> 2, 000 B.U.) was found during
cooling for the steamed KSS7 sample. The viscosi ty
values of all boiled sampl es during heating and cooling
cycle were higher than in the autoclaved samples. During
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Figure 2. Brabender viscosity curves of various roasted rice sam ples with different moisture contents: 13% (hollow
triangles) ; 17 % (hollow circles); 22% (hollow square); and 27% (solid circles).
of added water [2 6!. In roasted non-waxy samples, the initial viscosity was low , the viscosity values were stab le during holding at 95 °C and increased during cooling. In the
KSS7 samp les, the viscosity during the heating and coo ling
cyc le markedly decreased as the moisture contents increased. Howeve r, the re was no such apparent difference
between the TCSlO and TNu67 samp!es. Further studies
on the molecular size distribution and properties of starch
in processed rice samp les are underway.

lower than tho se of autoclaved and boiled samp les.
Johnson er al. [181 observed that , in corn (with a moisture
content of 12- 13%), steaming resulted in a negligible extent of ge latinization . During the sand-roasting process ,
the DG of the samples increased gradually as the amount
of moisture present was rais ed. It was shown that the gelatini zation of starch was limited when the moi stu re conte nt
was limited, even when the samples were heated at a high
temperature (300°C). As the moisture content was raised
to a suffi cient leve l , the heating temperature p layed a
major rol e. Furthermore , differences among th e ri ce cult ivars were al so an important factor .

Degree of gelatinization (DG)
As show n in Table 2, the DG of rice samples increased after thermal processing as compared to the raw
samples . The DG of rice samp les was different und er various thermal proces sing co nditions . Of the processed samples, the high-amylo se KSS7 rice had the lowe st DG in
each treatment. Th e DG values of steamed samples were

X-Ray diffraction patterns
X-Ray diffraction patterns of various rice flours
under different thermal processing conditions are shown in
Figs . 3 and 4. All non -waxy boiled samples had a nea r V-

377

Shuh-Ming Chang and Hsiu -Chen Yang

KAOHSIUNG SEN 7

4

12

20

TA!NUNG 67

TAICHUNG SEN 10

28 4

12

20

28 4

12

20

TAICHUNG WAXY 46

28 4

12

20

28

20 ( 0 )
Figure 3. X-ray diffractograms for raw (R) , autoclaved (A), boiled (B) and steamed (S) rice samples.

pattern as ind icated by peaks at 20 = 19 . 8 ° and 12.8 °,
though the value at 20 = 12.8 ° in TNu67 and KSS7 samples was atte nu ated . Some peaks in non- waxy ri ce sam pl es
were noti ceab le even after autoclavi ng and stea ming. The
steamed samples we re shown to have a larger number of
discernible peak s of A-pattern and V-pattern than the autoclaved sampl es , especia ll y in KSS7 samp les. In non-waxy
autoclaved sa mpl es , a new peak appeared near 20 = 20.6"'
However, all th e waxy sam ples revealed an amorphous
spectrum sim ilar to popped Asm 44 waxy rice (29 1 and ex truded waxy corn starch (25 ). In th e roasted sampl es ,
when the moisture co ntent of the r ice was inc reased , th e
intensities of some peaks decreased or the peaks disap peared (28 ~ 10.0 °, 11.6 ° , 15 .0 °, 17.0 °, 17.8 °, 22.8 ° ,
26.0°), while the V type peaks (28 ~ 12 .8 ° and 19.8 °)
increased as show n in Fi g. 4 .

Micrographs obtained with the ce ntra l part of crosssect ions of the processed KSS7 rice sampl es a re shown in
Fig . 6 . The sta rch granule s appeared to be compact ly
packed befo re process ing . In the case of autoc laving , a
gel-like substance and some granu lar matrix we re seen.
After boiling, th e granular matrix was larg ely disrupted
an d appeared flak y . In steamed sample , the starch granules see m to be partially ge lati nized and packed together .
In roas ted rice kernels w ith different moistu re content , the
starch granules gradually gelatinized and melted substance
appea red . Th e micrograph s of processed samp les of the
othe r rice cu lt iva rs are not shown here since th e ir stru cture
was similar to KSS7 .
Conclusion
When rice ker ne ls were thermally treated by differ e nt methods, th e physicochemical prope rti es of th e processed sample s of var ious cu lti vars were different. From
the results presented , the waxy rice sampl es we re more
highl y ge latinized than non-waxy sampl es during the proc ess ing , especi all y in the samples with opt im al moisture
co ntent s, and at hi gh tempe ratures. Th e effect of moisture
content of the ri ce seems more sign ifi cant than the heat in g
te mperature . The amylose con tents of th e rice may be the
most important factor. T he the rmal degrad ati on of starch
in the se processed samp les is under furth er st udy.

Extent of digestibility
Data on d igestibil ity of processed rice sa mples by
pancreatic a-a myla se measured as the release of redu cing
sugar s are presented in Table 3. Digestibi lity increased
after thermal processing and over 50% of the starch was
hydrolyzed within 2 hour s excep t for the roasted KSS 7
samples with low moisture co ntent s of 13 % and 17%.
Scanning electron microscope examination
As show n in Fig. 5, KSS7 ri ce kerne l appeared
somewhat e nlarged aftt:r each th ermal processing. Th e
boiled sample was the most expanded one among a ll samples and a geHike fl aky stru cture was apparent . Bes id es ,
many fis sures were found around th e outside of the kernel.
In roasted sampl es , some fis sures were also found but not
as many as in th e bo iled sample.
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Table 3.

In vitro digestibility(%) of rice samp les.

KSS7b

Material a

Raw
Autoclaved

Boiled
Steamed
Roasted- 13%
Roasted-17%
Roasted-22%
Roasted-27%
a

21.15
55.22
55.29
52.55
45.77
46 . 18
55.86
58.81

TCSIOb TNu67b TCW46b
38.04
55.32
53.58
53.20
55.05
56.61
57.23
60.55

39.82
54.85
54.63
56.40
56.12
56.84
62.09
63.53

53.40
63.37
56.92
56.98
51.38
50.12
54.48
55.47

See text.

b KSS7: Kaohsiung Sen 7; TCS 10: Taichung Sen 10;
TNu67: Tainung 67; TCW46: Taichung waxy 46.
c Mean of two experiments and 4 analyses in eac h
experiment. The S.D. were in the range 0.35-2.01.

References
I. Anderson RA , Conway HF, Pfeifer VF , Griffin
EL 1r . (1969) Gelatinization of corn grits by roll- and
e xtrusion ~ cooki ng .

Cereal Sci. Today 14 , 4-12.

2. Bhattacharya KR , Sowbhagya CM (1971) Water
uptake by rice during cooking . Cerea l Sci. Today 16 , 420 -

424 .
3. Bhattacharya KR , Sowbhagya CM (1972) An im proved alkali reaction test for rice quality . 1. Food T ech.

7 ' 323 -331.
4. Cagampang GB , Perez CM, Juli ano BO ( 1973) A
gel consistency test for eating quality of rice. 1. Sci . Fd.

Agric. 24, 1589-1594.
5. Chang SM, Chang YC (1988) Retrogradation of
~"rice

starches with various amy lose contents. Proc . Natl.

Sci. Coun . R.O.C. 12 , 247 -253.
6. Chang SM , Liu LC (1989) Study on the retrogradation of coo ked ri ces. Food Sci . R.O.C. 16 , 347-356.
7. Cha ng SM, Yang HL, Lii CY (1984) Some physicochemical properties of nonwaxy ri ces in Taiwan . Bull.

lnst. Chern. Academia Sinica R.O.C. 31, 63-68.
8. Chiang BH, Lue S1 (1989) Crispy rice manufac turing by extr usion . Food Sci. R.O.C. 16 , 218-229.

9. Chinnaswamy R, Bhattacharya KR (1983) Studies
on

expanded

ri ce.

Physicochemical basis of varietal

8

differences. 1. Food Sci. 48 , 1600-1603.
10. Chinnaswamy R, Bhattacharya KR (1986) Cha r-

12

20 (

acteri stics of gel-chromatographic fractions of star ch in
relation to rice and expanded ri ce-p rodu ct qualities.

20

16
0

24

28

)

Figure 4 . X- ray diffractograms of raw (R) and roasted (P)
ri ce samples with different moisture contents .

Starch/Starke 38, 51-56.
II. Chinnaswamy R, Unnikrishnan KR, Bhattacharya KR (1985) Rheological properties of certa in
processed rice products. Starch/Starke 37 , 99-103.

14 . Holm 1. Bjorck I, Asp NG, Sjoberg LB,
Lundquist I (1985) Starch availability in vitro and in vivo
after flaking , steam-coo king and popping of wheat. 1.

12 . Dubois M, Gilles KA, HamiltonJK , Rebers PA,
Smith F ( 1956) Colorimetric method for determination of
sugars and related substances. Anal. Chern. 28 , 350 -356.
13. Glennie CW ( 1987) Physico-chemical properties
of sorghum starch thermally treated by different methods .

Cereal Sci. 3, 193-206.
15 . Holm 1, Bjorck I, Eliassen AC (1988) Effects
of thermal processi ng of wheat on sta rch: J. Physico-chem·
ical and functional properties . 1. Cereal Sci. 8 , 249 -260.

Starch/Starke 39 , 273-276.

379

Shuh-Ming Chang and Hsiu -Chen Yang

Figure 5. Scann ing electron micrographs of cross-sections of Kaohsiung Sen 7 (KSS7) rice subjected to different
thermal treatments. A: milled rice; 8: autoclaved; C: boiled ; D: steamed; E: roasted (at 13% moisture content); F:
roasted (at 17 % mo isture co ntent); G: roasted (at 22% moisture content); H: roasted (at 27 % moisture content). Fig.
A, B, and D-H a re at same magnification (bar = 750 pm); in C: bar = 860 pm .
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Figu re 6. Scanning electron micrographs of the central part of cross-sections of milled and processed Kaohsiung Sen
7 (KSS7) rices. A: milled rice; B: autoclaved; C: boiled; D: steamed; E: roasted (at 13% moisture content); F: roasted
(at 17% moisture content); G: roasted (at 22% moisture content): H: roasted (at 27% moisture content). s: starch
granule; g: gel-like substance; m: melted starch. All figures at same magnification (bar = 50 J.Lffi).
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Discussion with Reviewers
R . Chinnaswamy : Literature reports clea rly indicate
lipid -amylose complex formation s in steam-cooked rices.
Are yo ur results in agree me nt with tho se stud ies and how?
Authors : According to the lite ratu re, lip id-amylose complex fo rm ation wou ld lead to the appearance o f a V-pattern, two peaks arou nd 20 o and 13 o in th e X-ray diffractog ram . Based on our res ult s, the lipid -amyl ose co mplex
formations were apparent in stea med non-waxy samples
though the peak at 12 .8 o was great ly red uced .
R . Chinnaswamy : How do yo u arrive at th e optimum puffing conditions of 300°C for 20 seconds in a preheated
san d with 1:6 rice to sand ratio?
Authors: An appropriate quantity of sand was put in a
iron pan to preheat on fir e with mixing . A temperature
se nsor was inserted into the sa nd . Wh en th e temperature
reached 300 °C , the weig hed ri ces were poured in and
mixed thoroughly . After 20 seconds , the y were poured immediately into a large sieve to filte r out th e sand.
R . Chinnaswamy : In Tabl e 2, th e WAI , WSI, SP and DG
are mu ch high e r for waxy th an non -waxy ri ces. How do
you expla in thi s beha vior?
Authors : It might be att ri buted to the greater ex tent of
modifi cation of starch stru cture in waxy rice unde r
processing .
B.J . Juliano : In vitro digestibility test used Jess aamylase than Holm er al. (1985 ) and pe r ce nt hydroly sis is
lowe r than Holm 's val ues fo r wheat starch even after
correction for non -starch fra ction of milled rice . Why was
less a-amylase used ?
Authors : The amount of a -amy la se used and the exper imental conditions such as hydro lysis time were determined
based on our preliminary ex perim ents . Since the reaction
condit ion s and the tested samp les were differe nt from those
used by Holm , our resu lt s, such as enzy me concentration
requirement and hydrolysis pe rcent , were observed to vary
from what he reported . Actually , low enzy me conce ntration (such as 200 unit s/g o f starch) was al so used by Holm
in another paper ( Holm 1, BjOrck I. Effects of thermal
process ing of wheat on starch: II. Enzy mic availability. J .
Cereal Sci . 8: 261 -268 , 1988) .
B.J. Juliano : The steamed non -w axy samp les were not
comp letely gelatinized as show n by amylogr ams and X-ray
diffraction. Are the samples sim il ar to parboiled ri ce?
Authors : Since we are not ve ry experien ced in the preparation and properties of parboiled rices , it is difficult for
us to compare them with our tested samples.
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